O utbreaks of conjunctivitis in the industrial setting have been reported in the literature (Desmyter, 1974; Doyle, 1989; Ford, 1987; Guyer, 1975; Olcrest, 1987) . Transmission has been attributed to eye contact with contaminated hands and to fomites present on inanimate objects such as linen towels (Guyer, 1975) , microscopes (Doyle, 1989; Olcrest, 1987) , and medical instruments (Ford, 1987) . Olcrest (1987) reports a case control study describing a significantly increased risk of ocular infections in microscope workers compared to workers who did not use a microscope. After a case control analysis of their data, Doyle (1989) concluded that an outbreak of conjunctivitis in a microelectronics factory was due to transmission from contaminated microscopes.
Clusters of conjunctivitis often are attributed to adenoviruses (Clarke, 1972; Desmyter, 1974; Ford, 1987; Guyer, 1975) . Though environmental viral cultures are frequently a part of investigation, they rarely provide positive findings (Doyle, 1989; Olcrest, 1987) , despite the fact that adenoviruses can live up to 9 days on environmental surfaces (Clarke, 1972; Olcrest, 1987) . However, high amounts of pathogens do indicate poor housekeeping (Walter, 1974) .
Sanitizing methods, such as ultraviolet radiation (Olcrest, 1987) and disinfection with 90% isopropyl alco-The importance of the role of the occupational health nurse in the identification and control of this problem cannot be overemphasized.
hoi or chloramine T (Clarke, 1972; Ford, 1987) have been suggested. None of these methods is totally efficient. Ultraviolet radiation may not be able to reach viral particles adherent to microscopes (Clarke, 1972; Ford, 1987) , and alcohol is not effective against spores and adenovirus 8 (Doyle, 1989; Spaulding, 1973) .
Restriction of infected workers from microscope use is important to achieve control, but may be difficult since most cases are not reported to the company's health department (Doyle, 1989; Olcrest, 1987) . Protocols effective in eradicating transmission include monitoring by the occupational health nurse, proper treatment, work restrictions for infected employees, and education of all employees concerning modes of transmission and methods of prevention (Doyle, 1989; Ford, 1987) .
The importance of the role of the occupational health nurse in the identification and control of this problem cannot be overemphasized. Specific recommendations for nursing protocols resulted from the research activities described below.
OVERVIEW OF THE PROBLEM
Over a 2 month period, the occupational health nurses at a microelectronics division of a large computer company observed an increasing incidence of eye infections in workers. The employees who reported symptoms worked in a "class 100" clean room, where wafer fabrication and inspection processes are performed using high powered microscopes. This is a multi-shift operation where work stations, with microscopes, are used by different employees during each shift. Workers are required to wear clean room suits, which include a coverall, boots, hood, face-mask, and gloves, to protect the product.
The health services unit that supports this employee population is nurse managed and staffed by three occupational health nurses. Nursing care is provided within established guidelines of the AAOHN, the state nurse practice act, and the Corporate Health Services directives. Two of the nurses are certified in occupational health nursing and one is a certified adult nurse practitioner. A full range of occupational health services is provided over two work shifts. Health consultants, who are board certified in occupational medicine, provide contractual support on site 2 hours per week. In addition, there is close collaboration with the site industrial hygienist.
Concern over this potential epidemic of conjunctivitis prompted the occupational health nurses to initiate discussions with the health team members. A literature search was done using the technical library at the worksite and a plan was developed. The occupational health nurses delivered a presentation to senior management for approval, support, and funding of this intervention.
The purpose of this study was to identify the incidence and severity of conjunctivitis among clean room workers and to prevent the spread of conjunctivitis through intervention, education, and related activities.
METHODOLOGY
Conjunctivitis was defined as any employee working in the wafer fabrication area who reported three of four symptoms, which include: 1. Conjunctival infection: diffuse dilatation of conjunctival vessels with redness that tends to be maximal peripherally (Bates, 1987) . 2. Ocular discharge: watery, mucoid, or mucopurulent (Bates, 1987) . 3. Pain: mild discomfort rather than pain (Bates, 1987) .
Itching.
A questionnaire was developed to identify the incidence and severity of eye infections among clean room workers. It was designed to collect data on employee demographics, frequency of microscope use, work practices, health/personal history, incidence of eye symptoms with associated treatment, and lost or restricted work time (see Figure 1 ).
Initially, an educational program was developed and presented by the occupational health nursing staff to workers and management covering three work shifts. The content included: definition of conjunctivitis, possible causes, expected symptoms, treatment, and the importance of preventing its spread through scrupulous hygienic practices. The procedure for cleaning microscope ocu-
Reliance on workers alone to prevent and/or control infections is insufficient.
lars with isopropyl alcohol, which had been in place previously, also was reviewed.
The questionnaire was administered to all attendees immediately following the presentation. This provided an opportunity for the occupational health nurses to clarify questions and ensure more accurate responses to the questionnaire, and served to increase participation.
Bacteriologic cultures of both equipment and symptomatic workers were performed at the time of the presentation. Ten of 17 microscopes in the clean room were cultured and compared to five control microscopes located in a laboratory at a nearby hospital. Workers received eye cultures if, at the time of the presentation, they reported symptoms that met the previously described case definition. These were obtained by the occupational health nurse and analyzed by a local commercial laboratory.
Completed questionnaire data were taken by the on site health consultant to a local medical center where computer analysis was performed. After frequency tables were completed, cross tabulation was done using Yates' corrected chi-square and Fisher's exact test for small numbers.
Follow up presentations were developed and given by the occupational health nurses to the same audience. Included in the discussions were the findings of the study and recommendations to prevent individual and/or clusters of infection from occurring in the future.
FINDINGS
The study population included 54 workers in the "class 100" clean room, and all but two workers shared microscopes. One hundred percent of the workers responded to the questionnaire. From this sample of 54, nine workers reported eye infections, an attack rate of 16.7%. Six of the nine cases met the definition of conjunctivitis. The remaining three had less than three of the case definition symptoms.
The questionnaire findings of the infected workers are illustrated in the Table. The majority of the 54 respondents (67%) found the microscope clean before use, and 63% of the respondents reported that they cleaned their microscope prior to use. Forty-four percent reported that they cleaned their microscope oculars with alcohol. As noted in the Table, 67% of the symptomatic workers found their microscopes dirty or oily before use, compared to 30% of the workers without infection (P.<01).
Although not significant with Fisher's exact test, the majority (78%) of infected workers reported that they did not clean their microscope prior to use. Hand washing, number of glove changes per shift, use of eye glasses, and history of allergies or diabetes did not significantly increase the risk of infection. Workers did not wash their hands frequently because they wore gloves while working and changed their gloves, sometimes at a rate greater than 15 times per shift.
Of the nine workers who reported eye infections, five were treated with eye ointments by a physician. One reported that an eye culture had been obtained. Upon further investigation, however, it was discovered that the worker had misunderstood the question and answered incorrectly. Six reported that they had informed the company health service and had been restricted from working with microscopes. In total, there were 11 lost work days and 14 restricted work days. The number of restricted work days varied from 1 to 10 days.
The environmental sampling of the industrial microscopes yielded visible hair and dandruff on 50% of the If yes, how many days did you stay home? __days If no, did you continue to use your microscope while infected? (Circle one): Yes No H. If you continued to work while infected, were you restricted from using microscopes? (Circle one):
Yes No If yes, how many days were you restricted? __days 
Questionnaire Findings of Symptomatic Workers
Work area: 9 of 9 cases worked in photo/plating Work shift: 9 of 9 cases worked first and second Condition of microscope: 6 of 9 found oculars dirty or oily Cleaning of microscope: 7 of 9 did not clean prior to use Hours of microscope work: twice as likely to work> 3 hours/day as non-symptomatic workers oculars, compared to none on the control microscopes. Both sets revealed potential pathogens such as staphylococcus aureus and gram negative bacillus in rare numbers. To evaluate isopropyl alcohol as a disinfectant, microscope oculars were artificially contaminated with high levels of bacteria and showed no growth after quick swabbing with isopropyl alcohol. One eye culture obtained from a symptomatic employee was negative.
DISCUSSION
Data from the questionnaires indicated a small cluster of conjunctivitis in certain areas of the clean room. Workers reported noncompliance with recommended procedures for sanitizing microscope oculars, which is supported by the environmental findings of increased total bacteria count, hair, and dandruff.
This indicates that inadequate hygiene practices may have contributed to the outbreak of ocular infections in the population. Due to lack of a standard practice in cleaning microscope oculars, an assessment of current practical methods was done for use in this facility. Ultraviolet radiation, providing full sterilization, seemed excessive. Additionally, it may not reach embedded viral particles (Clarke, 1972; Ford, 1989) . Isopropyl alcohol offered a practical alternative which was bactericidal, tuberculocidal, and effective against vegetative organisms and most viruses (Spaulding, 1963) . The staff concluded that a simple disinfectant should be adequate for the eye.
Since isopropyl alcohol could be placed on a sponge and available near all microscopes to facilitate mechanical wiping, it would be convenient and enhance the removal of cellular debris that could harbor pathogens.
This experiment and the research done by Craven (1987) indicate that bacteria and adenovirus can be eradicated by an alcohol wipe. To prevent lesions of the eye and damage to microscope oculars from exposure to alcohol, the alcohol should be wiped dry after cleaning or allowed to air dry for 1 to 2 minutes prior to use (American Academy of Ophthalmology, 1988) .
Reporting of conjunctivitis symptoms to the occupational health nurse was not effective in preventing the spread of the disease. Workers did report their symptoms; however, most were reported after the infection was resolved. The amount of time that workers were restricted from microscope use varied widely, and the occupational health nurse did not have a protocol to follow.
Clearly, standard procedures for microscope cleaning and protocols for reporting symptoms to the occupational health nurse were needed. Reliance on workers alone to prevent and/or control infections, however, is insufficient. Early identification and treatment of infection and temporary exclusion from microscope work is essential in controlling the spread of infection. In-
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• Make isopropyl alcohol and lint-free wipes readily available at each work station. • Workers always clean microscope oculars before and after use by applying the alcohol and allowing a drying period of 1 to 2 minutes before use. • Workers increase attention to hand washing, glove changing (while in the clean room), and minimizing finger to eye contact. • The occupational health nurse evaluate any workers with eye symptoms. tervention by the occupational health nurse is the key to success in preventing clusters of infection from occurring. Since instituting a procedure whereby workers with any eye symptoms must have an assessment performed by the occupational health nurse, isolated cases of conjunctivitis have occurred, with no further spread into the worker population. This research was done in response to the occupational health nurses' concern over a possible emerging epidemic of conjunctivitis among clean room workers who used microscopes. Its value and recommendations are broadly applicable to workers who use microscopes in any occupational setting. Despite the small sample size, this research activity did serve to increase awareness of the importance of the problem and, certainly, the need for standard procedures for microscope cleaning and protocols for reporting symptoms to the occupational health nurse. Protocols for standard assessment and treatment of workers with eye symptoms are critical for a program targeted at early intervention. 2. Warm compresses to affected eye for 20 minutes q.i.d.
Daily examination by occupational health nurse
prior to work. 4. Restrict from microscope work until symptoms resolve.
Employee Education:
Handwashing Minimize finger to eye contact Isolate personal face cloth and towel at home Stress the importance of treatment Refer coworkers with eye symptoms to occupational health nurse RECOMMENDATIONS Recommendations for the occupational health nurse include educating employees and management regarding work practices (see Figure 2 ).
The nurse must approach the assessment of eye symptoms utilizing a consistent, systematic process. A protocol provides that framework (see Figure 3 ). In addition, initial and periodic educational presentations to workers and management by the occupational health nurse are essential to reinforce the potential health problem that exists and recommendations for prevention.
CONCLUSION
This study demonstrates the efficacy of the nursing process as it applies to the resolution of an emerging health issue involving multiple workers. It substantiates the pivotal role of the occupational health nurse in recognizing and responding to workplace health concerns and developing targeted strategies to promote and maintain health in the workplace. The occupational health nurse's role in preventing loss of worker productivity is recognized. The success in the elimination of further clusters of eye infections in the workplace has been due to the critical nursing interventions instituted as a result of this study.
